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340 FOSSIL PLANTS. 

under the water to ripen." It is to these phenomena that the fan- 
ciful Darwin alludes in the following lines — 

" As dash the waves on India's breezy strand 
Her flushed cheek pressed upon her lily hand 
Vallisner sits, upturns her tearful eyes 
Calls her lost lover and upbraids the skies." 

—Loves of the Plants. 

In future "sketches" we shall endeavor to obtain some further 
glimpses at the marvels of pond-life. 

Note. — The circulation of the fluids may be seen in many land as well as water 
plants. The currents in the moniliform hairs on the anthers of the common Spider- 
wort (Tradescantia Virginica) are well known to microscopists, and, indeed, it has been 
ascertained that the hairs of most plants in some stage of their growth exhibit similar 
phenomena. Among our native land plants few exhibit a finer display of these phe- 
nomena than may be seen in the young hairs on the fruit of the Enchanter's Night- 
shade (Circ&a Imtetiana L.). Currents bearing along large albuminous ? masses and 
much resembling those in Chara will be found in all the young hairs around the base of 
the flower and fruit of this plant. Currents more like those of Tradescantia may be 
seen in the hairs within the corolla of the common Foxglove of the gardens. Lindley 
states that the large cells of the rhizoma of the Scouring Bush (Equisetum) show very 
distinct currents, and the writer has seen beautiful displays of these phenomena in the 
cells of the root of the common Asparagus. 



MODE OF PRESERVATION OF VEGETABLE REMAINS 
IN OUR AMERICAN COAL MEASURES.* 

BY LEO LESQUEREUX. 

.Remains of Plants in Coal. — It has been erroneously asserted 
that the coal itself does not contain any recognizable vegetable 
remains, it being merely a mass of bitumen, independent of any 
of the plants which are found in the shales overlaying or under- 
laying it. Our bituminous coal is generally a compound of sup- 
posed layers of crystalline matter, about one-eighth of an inch in 
thickness, separated by a thin coat of pulverulent coal, or mineral 
charcoal, which is a mere compound of cellular tissue and of ves- 
sels of plants. ■)■ 

* From the Fourth volume of the Geological Survey of Illinois. A. H. Worthen, 
Director. 1870. 

t This fact is easily ascertained by microscopical examination. Prof. J. W. Dawson, 
of Montreal, has closely examined this charcoal, and published, as results of his inter- 
esting researches, numerous forms of vessels of plants. The same kind of researches 
had been already pursued by Prof. Goppert, who had recognized, in this pulverulent 
coal, remains of plants of every family hitherto known to occur fossil in the coal. 
(Quar. Gteol. Jour., vol.5, mem., p. 17.) 
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Generally, this agglomeration of broken tissue preserves some 
outline by which the genera, even the species to which the remains 
belong, can be recognized at first sight : leaflets of ferns, stems of 
Calamites, bark of Stigmaria, Lepidoclendron, etc. But besides 
this, the coal itself, though more rarely, is marked with distinct 
prints of the plants of which it is a compound. This case is espec- 
ially observable in a kind of hard, laminated, flint coal, obtained 
in Mercer county by Mr. H. A. Green, which bears on the hori- 
zontal surface of its crystalline lamella?, however thin they may be 
cut, the outline and nervation of leaves and branches of ferns, 
and other vegetables of the coal ; and those are so distinctly 
marked, that the most delicate parts are as easily identified as 
those of plants preserved in shales. 

The great abundance of these remains show that the whole mass 
of this coal, which is true coal and burns freely, is a compound of 
them. In the cannel coal which has been formed under water 
from more decomposed vegetables, the forms are more rarely rec- 
ognizable. Yet the cannel coal of Breckenriclge, Ky., is marked 
through its whole mass by stems and leaves of Stigmaria and 
Lepidodendron, rendered distinct by infiltration of sulphur et of 
iron. Even in the anthracite coal of Perm., whose matter has 
been subjected to heat and fused to cohesion after the transforma- 
tion of vegetable matter into coal, one can easily discover an 
abundance of remains of plants whose genera and even species are 
sometimes recognizable. These facts, which cannot be overlooked, 
may be taken into account in examining new theories in relation 
to the formation of coal. 

Vegetable Remains Preserved in Shale. — It is in the clay 
or silicious shale that the fragments of plants of the coal epoch 
have been more generally preserved. When a bed of vegetable 
matter heaped for the formation of a coal has begun to cease its 
growth, its top indicates a greater scarcity of vegetable remains, 
mixed with a larger proportion of earthy or clayey matter. The 
coal then becomes a less homogeneous mass, easily separating in 
layers of heaped fragments of vegetable and foreign matter. By 
and by, the vegetation becoming scarcer by superabundance of 
water upon the surface of the bogs, the clay is more thickly depos- 
ited, and the vegetable remains, more rare and scattered, are more 
distinct, and more easily recognizable. When preserved in that 
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way, the plants or their fragments have been first slowly decom- 
posed and softened by humidity, and then more or less flattened 
by compression. All the naturalists who have examined the coal 
formations are well acquainted with the appearance of the remains 
found in shale, and sometimes admirably preserved. Generally, 
the woody tissue of the plant has been destroyed, and the surface 
of the stems and branches only are preserved in a thin coat of 
coaly matter, bearing impressions of scars of the bark, etc. For 
the leaves, the coaly matter represents the whole substance, and 
for the ferns, especially, it preserves the exact form of the vege- 
table, and is marked by the impression of veins and veinlets, mostly 
distinct to their last divisions. Some leaves of a coriaceous text- 
ure have their epidermis hardened by mineralization, and separa- 
ble from the shale like a transparent pellicle. It can then be easily 
examined under the microscope, and all the details of structure 
recognized. It is especially the case with our Dictyopteris rubella 
of Murphysborough, as also with the leaves of Whittleseya elegans 
Newb., of Ohio. Sometimes the leaves of Neuropteris hirsute 
have been heaped and compressed together in such quantity, that 
the pinnules are separable from each other as a carbonaceous cuti- 
cle, preserving traces of the primitive organism. 

The shales, according to the amount of vegetable matter mixed 
in them, and the depth at which they have been formed under 
water, are of a more or less dark color ; whitish or yellowish when 
of fresh water origin, and with few remains of plants ; black and 
generally more homogeneous when formed in deep water, and hav- 
ing for a larger proportion of their compound, broken remains of 
organized beings. In this case the remains are either animal or 
vegetable mixed together, both fragments of molluscs and fishes 
with fragments of plants recognizable on 'the same piece of shale, 
or mere remains of animals, or only plants. These various appear- 
ances are easily explained in considering the phenomena accom- 
panying the formation of the coal strata, from deposits analogous 
to those of our existing peat bogs. For the surface of these bogs, 
even in our time, shows the same differences in the superposed de- 
posits, according to the depth and chemical compounds of the 
water by which they become covered, either by casual inundation 
in the interior of the land, or by slow immersion near the borders 
of lakes or sea shores. Even where the coal and shales, from the 
amount of remains of fishes which they contain, appear to have 
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been formed in water of a certain depth, the matter always bears 
evident traces of its origin from land vegetation, and never from 
marine plants. The lower part of a bed of coal, worked near 
the mouth of Yellow creek, Ohio, is a kind of cannel coal, or very 
bituminous compact shale, full of the remains of fishes, whose en- 
tire skeletons vary in length from one inch to one foot. Yet this 
shale has an abundance of the remains of land plants mixed in its 
compound. The same case is observable in Kentucky- — for exam- 
ple, at Airdrie, on Green river, where the npper coal (No. 11 of 
the Kentucky section) is overlaid by a bituminous laminated 
shale, containing teeth of large fishes with trunks of Sigillaria, 
Lepidodendron, etc., and branches and leaves of ferns. Those 
who have examined our immersed peat bogs along the shores of 
New Jersey, have seen in activity a formation of the same kind, 
where logs of large trees are fished from a depth of ten or fifteen 
feet, out of beds of peat submerged in water deep enough to feed 
a variety of fishes ; while here and there, small islands, half float- 
ing fragments of wood or heaps of mud, are covered with a luxu- 
riant growth of ferns, reeds, or bushes, which throw their debris 
to the surface, to be conveyed to the bottom and there mixed in 
the bed of mud, an incipient shale, with animal remains. 

Among the various metamorphoses to which remains of plants 
have been subjected in the shale by compression, decomposition 
and other chemical and mechanical agencies, one peculiar phenom- 
enon is worth noticing here. In the shale covering the bed of 
anthracite of Rhode Island, the whole carbonaceous matter of the 
plants has been destroyed by heat, and the mere skeleton of 
the leaves and other remains is marked upon the shale as a more 
or less distinct mould, often covered by a whitish incrustation of 
selenite. In this process of fusion, the vegetable fragments have 
been distorted in such a way that they often present an appear- 
ance far different from that of the species to which they belong. 
For example, in some branches of ferns, the leaflets have been, on 
one side of the pinnae, extended to double their original length, 
and narrowed in proportion, -while on the other side they have been 
relatively contracted and widened. Without an examination of 
the shale at Newport, it would be difficult to account for such a 
metamorphosis. At this locality, the shales present along the 
shore a series of low undulations, resembling slightly elevated 
waves ; and there one can see that, in the state of fusion of the 
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whole mass, the remains of plants, following the force of upheaval, 
have been, at peculiar places, drawn upwards and therefore elon- 
gated on one side, and of course drawn on the other towards the 
rachis. It is peculiar that the rachis and stems do not show any 
appearance of flexure and of deformation, and it is remarkable 
also that the same phenomenon of dimorphism is not observable 
on the plants found in the shale of the anthracite basin of Penn- 
sylvania, where the flexures of the veins of coal are often abrupt, 
and where traces of tortion are frequently seen upon fragments of 
the combustible mineral. This deformation of vegetable remains 
may give an idea of the difficulties encountered by the palaeontolo- 
gist in studying, as he has to do, mere fragments of plants in their 
fossil state. Not only do these remains generally insufficiently 
represent the whole vegetable, but often they are deformed by 
various forces and influences, to which they are subjected in the 
process of mineralization. 

Vegetable Remains Preserved in Ferruginous Concretions. 
— As far as we know, from the specimens abundantly found in 
Illinois, the mode of preservation of fossil plants in concretions 
is somewhat different from what it is in argillaceous shale. These 
concretions are found, especially in the shale of Grundy county, 
irregularly scattered from top to bottom of the strata, in the form 
of oval, more or less elongated, generally slightly flattened con- 
cretions. They appear to have been formed by superposition of 
concentric layers of slowly deposited carbonate of iron or ferrugi- 
nous clay around central nuclei, which are most commonly parts 
of plants, bones of fishes or the remains of insects and Crustacea. 
Their size and form vary according to that of the body around 
which the deposit has been made. Some small leaflets of ferns are 
found in nodules which are not larger than - a walnut ; pieces of 
calamites are inclosed in cylindrical concretions varying in length 
from two inches to one foot or more ; pinnae of ferns or of Aster- 
ophyllites have been discovered in flattened concretions measuring 
about one square foot and only two inches thick, their form agree- 
ing more or less with that of the body around which they have 
originated, though always showing an oval or round outline, by 
superposition of concentric layers. It is not yet clear whether the 
flattening of some of the specimens is the result of compression. 
Generally, the nodules which have cylindrical pieces of stems, or 
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nutlets for nuclei, are round or exactly oval, while they are flat- 
tened for pieces of ferns, in proportion to the breadth of the frag- 
ments which they have entombed. 

The origin of these concretions has been explained in admit- 
ting a general tendency of some mineral bodies to concentrate 
around centres, whether solidifying from fusion, solution, or vapors.* 
This explanation may be satisfactory in regard to other kinds of 
concretions, but from their peculiar position, their form and size, 
varying according to the nature and outline of the bodies which 
they contain, the nodules of Mazon creek rather seem to be the 
work of infusoria or Bacillaria concentrating molecules of iron 
around some centres, as it now happens in the formation of the 
bog iron ore, or in other deposits, in springs or pools, whose 
waters contain a solution of iron. This supposition appears con- 
firmed by the manner in which the bodies in concretions have been 
preserved and selected for preservation. Though generally mere 
fragments, their integrity is complete, and yet some of them are of 
very soft texture. The pinna? or leaflets of ferns are always found 
in them in a flattened position, their axis or rachis extending 
through the centre of the elongated nodule, with the divisions on 
both sides ; the surface of the pinnules, slightly swollen, as when in 
their living state, is marked by recognizable hairs or fruit dots, 
with distinct veins and veinlets, and their appendages, like the 
scales, are seen in the various modifications which they present in 
living specimens ; for example, long, straight, flat, diverging, on 
primary rachis, and becoming shorter, ruffled and curled on their 
upper divisions. The small organs of plants appear, therefore, in 
a better state of preservation than in the shales. With small ani- 
mals like crustaceans, scorpions, insects of a fleshy and very deli- 
cate texture, the preservation of form is still more remarkable. 
They are found entombed in the middle of the nodules just as if 
they were in life, or as if they had been transformed into stone 
while still living. The fruits or nutlets are not flattened. By the 
section of the nodules, which generally break into two equal halves 
by hard strokes upon their edges, the middle and internal part of 
the fruit is exposed to view, while the outside surface is immersed 
in the stone. The numerous cones also of Lepidodendron found 
in these concretions are equally well preserved, either whole or in 
part, by horizontal cross sections. Some specimens not only 
*Dana's Manual of Geology, p. 626. 
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show distinctly the pedicels of the sporanges and the blades in 
their natural position, but even sporanges with their seeds have 
been found in them, without perceptible alteration. In the cross 
section of these Lepidostrobi the sporange cells form a central 
row, which is surrounded by the blades in the form of a star. 

Peculiar species of plants and animals, or their fragments, seem 
to have been selected as the nuclei of these nodules. They con- 
tain, for example, an abundance of leaflets of various species of 
Neuropteris, especially N. hirsuta, of Aletlwpteris Serlii, of Pe- 
copteris villosa, P. abbreviata, Hymenophyttites GlarMi, Annularia 
longifolia, Sligmarioides, etc., which are either rare or have not yet 
been found in the shale at Morris, while these shales are rich in 
the remains of Odontopteris Schlotheimii, Aletlwpteris erosa, Ulo- 
dendron, Carpolithes mutiistriatus, scarcely or not at all preserved 
in concretions. As the bank of shale bordering the bed of Mazon 
creek has not yet been opened, these differences may result from 
geographical distribution. . Yet, as the animals and plants of soft 
texture, like the species of the genus Sigillarioides, have not yet 
been found in the shale of our American Coal Measures, it is evi- 
dent that these remains have been generally destroyed by macera- 
tion, and only escaped . total destruction by their entombment in 
these nodules. The same can be remarked on the remains of 
small animals. The remains of fishes found in these concretions 
are merely bones, scales and coprolites ; while of molluscs, they 
have afforded only some agglomerations or very small shells. 

Vegetable Remains Preserved by Mineralization or True 
Petrification. — This kind of fossilization is performed by slow 
infiltration of mineral matter into the substance of the vegetable, 
when in a soft state of decomposition. The phenomenon is pro- 
duced either by a total destruction of the vegetable substance, for 
which sand, clay or oxyd of iron is substituted by infiltration, or 
by a slow, still unexplained mineralization of the vegetable sub- 
stance, by silex or lime. By the first process, the whole texture 
of the vegetable is destroyed, except the surface," preserved as in 
a mould, which shows the original outline of the vegetable, and 
bears the cicatrices of the bark and other external characters, 
which often render it recognizable. These moulds, generally cov- 
ered by a coat of coaly matter, are rarely flattened by compres- 
sion, and mostly represent trunks or branches of large size, some- 
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times fruits of a hard consistence, rarely branches and leaves of 
ferns. They abound in the sandstone beds of our Coal Measures, 
and some of our new species of Lepidodendron and of Sigillaria 
have been described from specimens of this kind. In the second 
case of petrification, on the contrary, the surface or outside of the 
vegetables is generally obliterated, as if it had been more or less 
decayed while subjected to mineralization, while the internal struct- 
ure is preserved in its minutest details, and so distinctly, that it 
can be studied under the microscope when lamellae of the fossils 
are detached, and polished thin enough to become transparent. 
Specimens of wood fossilized in this way, though often remarked 
in the Carboniferous formations of Europe, and very common in 
the more recent formations of this continent, have rarely been 
found in our Coal Measures, and none as yet have been obtained, 
except from Southern Ohio and Northern Kentucky. Both these 
processes of fossilization have acted upon vegetables already sep- 
arated from their support, and more or less decayed, or upon trees 
still standing or still living, when they were surrounded by the 
mineral substances which caused their petrification. Though not 
quite as abundant as prostrated fossil trunks, petrified standing- 
trees are not unfrequently obtained from the sandstone of our Coal 
Measures. Near New Harmony, Inch, some petrified trees, vary- 
ing in size from six to twelve inches in diameter, have been ob- 
tained from a sandy shale, and transferred to his museum in their 
standing position, and with their roots attached to the trunks, by 
my lamented friend, D. D. Owen. Though entirely metamor- 
phosed into sandstone, their mould preserves remarkably well the 
scars of the point of attachment of the leaves, the wrinkles of the 
bark, etc., and show the gradual variations which modify the form 
of the cicatrices in passing from the stem to the roots. True pet- 
rified forests have been observed in banks of sandstone of the 
Coal Measures of Pennsylvania and of Kentucky. This phenome- 
non should, therefore, demand bnt a passing notice, if it did not 
give rise to some discussions concerning the mode and cause of 
dislocation or fracture of these fossil trees, and also concerning 
the causes and agents of their petrification. 

Fossil trees, except when observed in their standing position, 
still half inclosed and sustained in the matter in which they have 
been originally buried, are always found in pieces or broken. 
This is observable as well in the fossil wood of the Carboniferous 
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measures as in that so abundantly found in more recent forma- 
tions ; for example, in the Cretaceous and Tertiary beds of our 
continent. The fracture of the pieces is of two kinds : either ir- 
regular, in various directions, like the breaking of mineral sub- 
stances produced by hard strokes, or horizontal, as if by a kind of 
cleavage, the separate pieces forming disks or regular cylinders 
of various lengths. Generally, in both cases the fractured surface 
is clean, smooth, distinctly angular, and showing that in most 
cases, at least, the breaking of the trunks has been effected after 
the fossilization. Prof. Goppert, who has visited the fossilized 
forests of Egypt, south of Cairo, and has published the result of 
his researches,* has found there the trunks subjected to a kind of 
multiple fracture, produced at various times and in various ways ; 
some of the trunks having their fractured surfaces obliterated as 
if by decay, others showing on their fragments, still closely ap- 
proached to each other, evidence of recent separation. He there- 
fore explains their fracture as due to mere atmospheric influences, 
especially to sudden changes of temperature, which are not rare 
in those regions. This explanation could be admitted for the ir- 
regular fragments of silicified wood, found in connection with our 
recent formations, and which, in some countries — in Arkansas 
and Mississippi, for example — are in some places strewn upon 
the ground in profusion. Agglomerations of silex are rarely 
homogeneous or regularly compact throughout. They are inter- 
spersed with fissures or soft veins which, when penetrated by 
water, expand under the influence of frost, and determine frac- 
tures in various directions. But fossil wood broken in that way is 
rarely found in our Carboniferous measures. Generally, the fossil 
trees of this formation, when separated from the mineral sub- 
stances in which they were originally imbedded and petrified, show 
the fracture by horizontal divisions, as by cleavage, and when in a 
standing position, and taken out of the matter which surrounds 
them, they separate in disks of various lengths, and can thus be 
taken out in pieces, which superposed afterwards rebuild the whole 
trunk, without marks of any other mode of disconnection, but hor- 
izontal through fissures. In that way the different parts of the 
trees mentioned above, as found by Dr. D. D. Owen, have been 
taken out of the sandstone separately and replaced in their order 

* Der Versteinerte Wald bei Cairo, &c; Acad, der Wiss. zu Wien, vol. 33, 1858. 
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of superposition, to rebuild the vegetable in its original position. 
At Carbondale, in Pennsylvania, a true forest of Calamites has 
been crossed in the opening of an inclined tunnel through a bank 
of sandstone to a bed of coal underlying it. The fragments of 
petrified stems taken out of this passage are in such abundance 
that they have been used for the construction of a kind of gang- 
way for running the coal cars out of the mines. These fragments, 
nearly without exception, are mere disks, varying in length from 
one to four inches, without relation to the size or diameter of the 
stems, which measure from three to six inches ; the differences in 
the length of the sections being as marked for the large as for the 
small stems. All these fragments represent only as far, at least, 
as I could determine from the examination of ..hundreds of speci- 
mens, two species of Calamites, C. Suclwivii and 0. approxima- 
tus Brgt. The walls of the tunnel are adorned by a number of 
these trees, still in their standing position and half imbedded in 
the sandstone. Though these stems are continuous, they show, 
at various and irregular distances, horizontal fractures where they 
break or are dislocated at their separation from the surrounding 
sandstone. Some of these trunks of Calamites, which in their 
natural state were evidently hollow, have been abruptly folded or 
crushed, like hollow cylinders in bending under their own weight, 
or by some external force ; but even at the point of inclination or 
tortion of these stems, the fracture is horizontal or perpendicular 
to their erect position. At Paintsville, Johnson county, Ken- 
tucky, the bottom of the river, which at some places has been 
cleanly washed, is marked, as in a kind of irregular mosaic work, 
by the broken tops of large trunks of Sigillaria, still in their 
original standing position, all horizontally fractured. One of these 
trunks measures twenty-two inches in diameter. The same pecu- 
liar kind of horizontal fracture is generally observable on the 
silicified trunks so abundantly found in some parts of Southern 
Ohio, especially in the bed of Shade river, near Athens. They 
are, most of them, pieces of stems of fern trees (Psaronius), vary- 
ing in diameter from three to twelve inches, broken in disks from 
two to fourteen inches long. A few of these pieces of silicified 
wood are irregularly broken and disfigured on the outside by mac- 
eration ; but generally they preserve their cylindrical form, and 
when of some length show here and there, at various distances, 
horizontal splits, uninterrupted all around the trunk, where a dis- 
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ruption is easily produced by a hard stroke. From the great bed of 
sandstone overlying the Pittsburg coal, near Greensburg, I have 
received, from Rev. ~W. D. Moore, large specimens of fossil wood, 
most of them long, irregularly broken, much decayed pieces, evi- 
dently representing sections of trunks broken lengthwise. These 
were found in various positions in the sandstone, and were mostly 
broken before they were imbedded in it. But among them there is 
one which bears, attached to a short stem, three diverging branches 
of its roots, a proof that it has been buried in its original stand- 
ing position ; and this one has its top horizontally broken and flat. 
From these data and a number of others, which it is useless to 
mention, being all of the same kind, and bearing the same evi- 
dence, it appears that the fracture of the fossil wood is of two 
kinds : irregular, for trunks fossilized after prostration or in a de- 
caying state, as they are generally found in our Tertiary and Cre- 
taceous strata ; and horizontal, by splits perpendicular to the natu- 
ral direction of the stems and the roots. If the cause of fracture 
in the first case is, without doubt, essentially due to atmospheric 
agency, that of the second, which has acted upon the vegetable 
while it was still subjected to the process of petrification, is cer- 
tainly different, and can be explained, I think, by the difference of 
density of both the surrounding mineral matter and the imbedded 
vegetable. Evidently, all the stems in the process of fossiliza- 
tion have been subjected to a softening process of their whole 
mass. The outside pressure of the surrounding mineral matter 
must have been felt, and can have acted only in one way, that is, 
vertically, as it happens in the forcing of a body of less density 
out of water ; and the result of that action cannot but have been 
a tendency to dislocation, and therefore to splitting of the trunks 
in a horizontal direction. It might be supposed, perhaps, that a 
gradual accumulation of sand or other mineral matter around 
standing trees, in burying them, has formed layers of different 
density, whose action may have produced, in the fossil vegetable, 
zones of petrification also varying in density, tending, therefore, 
to cleave from each other, and horizontally separable. But the 
roots of fossilized trees which tend downwards in an inclined 
direction, or even are nearly horizontal, should be split in an in- 
clined plane and not perpendicularly to their axis, as they are, at 
least, on all the roots of standing trees which I have had opportu- 
nity to examine. Moreover, the silicified stems which have been 
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noticed above as marked by horizontal splits, are of the same com- 
pound in their whole length. 

The silicifled wood of the Coal Measures of Ohio, as that also 
of more recent formations of our continent, furnish us some valu- 
able data for the examination of another vexed question : concern- 
ing their mode of fossilization, or rather the origin of the silica 
which has produced their transformation. Two opinions, above 
all, have been advanced on this subject. Prof. Goppert thinks 
that the process of petrification has been very slow, of long dura- 
tion, and that to explain it, it is not necessary to suppose that the 
water in which the vegetable substance has been transformed, was 
richer in silica than it may be now in its normal state. Prof. 
Schimper, on the contrary, asserts that the water in which wood 
has been silicifled should have been of a higher temperature, more 
abundantly saturated with silica, and therefore, he concludes that 
the kind of mineralization has happened in a much shorter time 
than is generally supposed, and by volcanic agency, as is now the 
case in the vicinity of the Geysers of Iceland.* To sustain this 
assertion, the celebrated professor says : that the progress of 
the fossilizing process should have been rapid enough to reach the 
whole substance of the wood before its decomposition by putrefac- 
tion. But the woody tissue, when entombed and protected against 
atmospheric influence, is unalterable for a considerable period of 
time, and slowly passes, by emerecausis, into coal. It is, there- 
fore, conceivable, that in the first stage of this slow burning, when 
the whole vegetable has been reduced to a soft matter, it may be 
penetrated by mineral fluids which, by crystallization, transform it 
into stone. In the valley of Locle, Switzerland, large prostrate 
trunks, more than fifty feet long, were discovered some years ago 
in a bed of sandy clay of the upper Tertiary. These trees, most 
of them Dicotyledonous, had their bark still in a good state of 
preservation, their woody tissue admirably preserved, and looked, 
indeed, as if they had' been recently buried. Yet their wood was 
soft enough to be cut through with the knife without effort, like 
butter. Beds of lignites, in Germany, where the emerecausis is 
in a more advanced stage, contain large trunks of wood, softened 
in the same degree, and already blackened. In that state, the 
woody tissues are easily impregnated by dissolved mineral sub- 

*Traite de Pal. Veget., p. 38 and 39. 
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stances. But to omit theoretical discussion and merely consider 
facts observable around us, it is evident that our silicifled wood, as 
well in our Coal Measures as in the more recent formations, is 
found in connection with strata which show no trace of volcanic 
agency. The silicifled trunks of Southern Ohio have been washed 
out by the creeks from the Mahoning sandstone. The area cov- 
ered by this formation, and over which the trunks are found in 
greater or smaller quantity, extends from Athens southward, to 
the Ohio river, and in Virginia, as far up the great Kenawha river 
as Charleston, or about one hundred miles in a direct line. 
There is no trace of any volcanic agency in that country. No 
disturbance of any kind is observable in the strata, which have 
their normal, slightly marked dip to the eastward ; nor does the 
sandstone itself indicate, in its appearance, by a variation of its 
compounds or of its density, any trace of metamorphism. At 
Gallipolis, near the mouth of the great Kenawha, a" number of 
fossilized trunks, still buried in the sandstone, are seen protruding 
from the bank, in which they have been petrified in a prostrate 
position. As these trees have been examined already by other 
geologists, and mentioned as indicating a peculiar direction of the 
current, by which they have been brought and deposited, a short 
account of them here may not be uninteresting. There are five of 
them, from four to fifteen inches in diameter, their length unknown, 
lying, two in a southeastern direction, one due east, and the two 
others due south. The part seen out of the sandstone is much 
decayed, the outer surface, where it is preserved, is covered by a 
coat of coal varying in thickness from one-half to one-fourth of 
an inch. What is most remarkable, and bears directly on the 
question of their petrification, is that they appear to have been 
transformed into stone by different substances, showing a differ- 
ent kind of mineralization. In one of these trees the internal 
texture has been destroyed, and the woody tissue is replaced 
by a hard calcareous sandstone or clay, separating in layers of 
about one-fourth of an inch in thickness. A second is a com- 
pound of small crystals of iron flint, its interior being perforated 
lengthwise by a number of irregularly placed cylindrical aper- 
tures, filled with small iron crystals, forming regular stars of 
more than twenty rays. A third, of which I have obtained large 
pieces, it being of smaller size, four inches in diameter, is trans- 
formed into a compact, opaque, black silex, which does not pre- 
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serve any trace of organic structure. * As these trees, of course, 
have been petrified where they are found now, it would appear as 
if different mineral substances, held in solution in the water, had 
acted upon the woody tissue in different ways, according to its 
nature. In any case, it is evident that the petrification has been 
performed in various ways, by the slow action of the liquids pene- 
trating the sand, and not by the uniform crystallization of silica 
as it is now produced in the hot springs of volcanic origin. This 
is more evident, in considering silicifled wood of our more recent 
formations. Neither in the plains of Kansas and Nebraska, nor 
in Eastern Arkansas, nor in Mississippi and Ohio, where fossilized 
wood is found generally associated with a ferruginous argillaceous 
sandstone, is there any trace of volcanic agency. There is merely 
an evident relation of this kind of fossilization with the deposition 
of iron. In Ohio and Virginia, that part of the Mahoning sand- 
stone containing silicifled trunks, borders, and perhaps overlays in 
part, the area where the richest and most numerous beds of iron 
ore have been deposited. In the recent formations, the fossilized 
wood is generally associated with the red or ferruginous clay. 
Even in the small area occupied by our Post Tertiary formation 
at Barlow, Ohio, disks of silicifled fossil wood of dicotyledonous 
species are found in a bed of red ferruginous clay, associated with 
species of shells of the genus Anodonta, entirely transformed into 
a compact mass of oxj r d of iron. 
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BY ALEXANDER AGASSIZ. 

The first requisite for the accurate discussion of any subject is 
an appropriate nomenclature. The great influence Linnaeus exerted 
upon the progress of Zoology is due to the universal acceptance of 
the binomial system as a most concise and convenient method, a 
tool admirably adapted to bring order into the chaos Qf names of 

*It is marked by inflated articulations, like a species of Anarthrocanna, Gopp., and 
is as yet the only specimen found in our Coal Measures which might he compared to 
the trunks seen by Prof. Bronguiart in the coal mines of St. Etienne, France, and com- 
pared to Bamboos, from their inflated articulations. (Lyell. Manuel, 4th ed., p. 319.) 



